Background: Communicable disease outbreaks cause millions of deaths throughout Sub-Saharan Africa each )'ear. Most of the diseases causing epidemics in the region have been nearly eradicated or brought under control in other parts of the world. In recent years, considerable effort has been directed toward public health initiatives and strategies with a potential for significant impact in the fight against infectious diseases. In 1998, the World Health Organization African Regional Office (WHO/AFRO) launched the Integrated Disease Snrveillanc_e and Response (IDSR) strateg~· aimed at mitigating the .impact of communicable diseases, including epidemic-prone diseases, through improving surveillance, laboratory confirmation and appropriate and timely public health interventions. Over the past decade, WHO and its partners have been providing technical and financial resources to African countries to strengthen epidemic preparedness and response (EPR) activities. Methods: This review examined the major epidemics reported to WHO/AFRO from 2003 to 2007. we conduct a review of documents and reports obtained from ~HO/AFRO, WHO inter;:ountry team, and partners· and held meeting and discussions with key stakeholders to elicit the experiences of local, regional and international efforts against these epidemics to evaluate the lessons learned and to stimulate discussion on the future course for enhancing EPR. Results: The most commonly reported epidemic outbreaks in Africa include: cholera, dysentery, malaria and hemorrhagic fevers (e.g. Ebola, Rift Valley fever, Crimean-Congo fever and yellow fever). The cyclic meningococcal meningitis outbreak that affects countries along the "meningitis belt" (spanning Sub-Saharan Africa from Senegal and The Gambia to Kenya and Ethiopia) accounts for other major epidemics in the region. The reporting of disease outbreaks to WHO/AFRO has improved since the launch of the IDSR strategy in 1998. Although the epidemic trends for cholera showed a decline in case fatality rate (CFR) suggesting improvement in detection and quality of response by the health sector, the number of countries affected has increased. Major epidemic diseases continue to occur in most countries in the region. Among the major challenges to overcome are: poor coordination of EPR, weak public health infrastructure, lack of trained workers and inconsistent supply of diagnostic, treatment and prevention commodities. Conclusions: To successfully reduce the levels of morbidity and mortality resulting from epidemic outbreaks, urgent and long term investments are needed to strengthen capacities for early detection and timely and effective response. Effective advocacy, collaboration and resource mobilization efforts involving local health officials, governments and the international community are critically needed to reduce the heavy burden of disease outbreaks on African populations.
Background
Communicable diseases remain a major public health challenge in the African region, causing a significant burden of illness, disability and mortality. ·contributing to the problem is the frequent occurrence of epidemic outbreaks driven by multiplefactors, including: weak public health systems, natural disasters or civil unrest leading to displacement of populations and overcrowding, and poor environmental conditions favoring disease transmission. Effective control requires strengthening national surveillance and response systems.
A major milestone for improving communicable disease surveillance in the African region is the adoption of the Regional strategy on Integrated Disease Surveillance and Response (IDSR) in 1998 in the WHO African Region. The goal of the strategy is to implement a coordinated and integrated approach to data collection, analysis, interpretation, use and distribution of surveillance information on priority communicable diseases to assist in public health intervention decisions. including timely and appropriate responses to epidemics [ I] . WHO support at the regional and country level assists in: establishing surveillance and response standards, creating networks of partners for preparedness and rapid response (e.g. sub-regional preparedness and response teams in the African region), strengthening laboratory capacity and laboratory networks, training in field epidemiology and laboratory programme (FEL TP) and as1essing and strengthening of national surveillance st5tems. This current ·review examined the major epidemics reported to WHO/AFRO from 2003 until 2007, with the objective of describing the trends of epidemics and progress of EPR-related activities in the African. region. The review examined the epidemic preparedness and response (EPR) activities to these outbreaks at the national and regional levels since the launch of the IDSR strategy in 1998.
Methods
The following methods were used to compile the summary (e.g. frequency, affected population and reported outcomes) of commonly occurring outbreaks reported to WHO 
Results

Highlights of Major Epidemics Reported to WHO/AFRO
This review focused mainly on recurrent disease outbreaks (e.g., cholera, meningitis, yellow fever, malaria and dysentery) and re-emerging (e.g., Ebola and Marburg hemorrhagic fevers) and emerging (avian influenza) diseases. Table I summarizes data for selected reported outbreaks.
Cholera
More than 90% of the world's reported cholera cases occur in Africa [2) . Since 1998, cholera outbreaks have been reported consistently from Benin, Ghana, Guinea, and Togo. In 1999, the southern African bloc countries accounted for 51% of all cholera cases and 40% of the resulting deaths. The most affected countries were Mozambique ( 44,329 casesll, 194 deaths; CFR 3%), Malawi (26,508 cases/648 deaths; CFR 2%), Zambia (11,535 cases/405 deaths; CFR 4%), Madagascar (9,745/542 deaths; CFR 6%), Zimbabwe ( 4,425 cases/312 deaths; CFR 7%) and Comoros (1,180 cases/42 deaths; CFR 4%).
In 2006, 31 countries reported cholera epidemics to WHO/AFRO, compared with 27 countries in 2004. All repmied cholera outbreaks were laboratory-confirmed, with the most commonly identified serotypes being Vibrio cholerae sero-group 0 I. The annual reported cholera cases and CFR reported to WHO/AFRO are shown in Figure I . Though the number of countries affecte-d increased with high numbers of cholera cases, the overall case fatality rate (CFR) showed a downward trend, which may be due to improved surveillance or improved response to the epidemics.
Dysentery
The largest outbreak of dysentery caused by Sdl in western Africa was reported in 1999, by Medecins Sans Frontieres (MSF) in the Kenema district in the southeastern part of Sierra Leone. The total number of cases was 4,218, with an overall attack rate and CFR of 7·5% and 3.1% respectively. The attack rate (11·2% vs 6·8% relative risk= 1·6; 95% CI 1·5-1·8) and CFR (6·1% vs 2·1%; relative risk=2·9; 95% Cl 2·1-4·1) was higher among children under the age of 5 years compared to the rest of the population) [3] . During the same period, several outbreaks were reported to WHO/AFRO -.fmm three countries in western Africa: 922 cases/21 deaths from Guinea. 509 cases/0 deaths from Liberia, and 705 cases/l 0 deaths from Burkina Faso.
Another 
Meningococcal meningitis
Meningococcal meningitis is endemic .in most countries of Africa. Typically, outbreaks occur during hot, dry and dusty conditions in areas with high population density. The epidemic tends to occur in a cyCle of every four to seven years in countries along the "meningitis belt," which includes approximately 300 million people and stretches from Senegal in the west to Ethiopia in the east [ 4] .
In 
Malaria
Of the approximately one million deaths caused by malaria each year, 90% occur in sub-Saharan Africa, accounting for I 0% of the continent's overall disease burden and 20% of mortality in children -less than five years old [5). It is estimated that 74% of the population in the African region lives in areas highly endemic for malaria while 19% resides in epidemic-prone areas. A malaria epidemic is signaled by a sharp increase in malaria incidence among a population in whom disease is infrequent, or an increase in clinical malaria in areas of moderate transmission. Malaria epidemics frequently affect highlands and semi-arid areas where inhabitants lack immunity.
It is estimated that about 125 million Africans residing in 20 countries are at risk of malaria epidemics. Since the epidemics occur in population with little immunity. it is estimated that 5% of the cases may progress to severe malaria, resulting in I 0% case fatality 
Measles
Measles is almost eliminated in most parts of the world, but measles outbreaks are still among the common epidemics contributing to high mortality and morbidity in Sub-Saharan Africa, . . especially among children with malnutrition [7). The accelerated measles control strategy that began in 1998 introduced case based surveillance activity that was built upon the acute flaccid paralysis (AFP) surveillance infrastructure and closely linked to IDSR principles. This has brought the disease burden and mortality due to measles to a significantly low level. However small and infrequent measles outbreaks continue to occur due to low immunization coverage and gaps in surveillance activities [8] .
In 1999 
Hemorrhagic Fevers
The most common viral hemorrhagic fevers (VHFs) in Africa include yellow fever, Ebola hemorrhagic fever, Marburg hemorrhagic fever, Rift Valley fever, Lassa fever and, Crimean-Congo hemorrhagic fever (CCHF). Over the past decade, outbreaks of viral hemorrhagic fevers have become increasingly frequent, pa11ially due to improved surveillance activities.
Yellow Fever
Yellow fever IS endemic in 33 countries in the Afi"ican region. Among these. 12 countries (Burkina Faso. Cameroon. Cote d"l voire. Gambia. Ghana. Guinea, Guinea Bissau. Liberia. Mali, Senegal. Sierra Leone and Togo) carry 75% of the total disease burden and 89'% of reported yellow fever outbreaks on the continent [9] . During the last 10 years. multiple outbreaks were rep011ed mainly from Liberia (seven outbreaks), Guinea (five outbreaks), Cote d'Ivoire (five outbreaks), Burkina Faso (five outbreaks) and Ghana (three outbreaks).
Between 1998 & 1999, a total of 27 cases/8 deaths of laboratory-confirmed yellow fever were reported fi·om Table 2 .
Marburg Vi rat Hemorrhagic Fever
Marburg hemorrhagic fever is clinically indistinguishable from Ebola hemorrhagic fever and is caused by a virus from the same family. Outbreaks and sporadic cases have been reported in Angola, DRC, Kenya and South Africa. Between 1998 and 2000 large outbreaks were rep011ed in DRC with a total number Qf 154 cases and 128 deaths (CFR 83%). The majority cif cases occurred in young male worl<ers at a gold mine In Durba, in the north-eastern pm1 of the country. The largest outbreak in history was repo11ed in Angola with an epidemic that began in October 2004 in Uige province. By July 2005. more than 1,000 contacts were tr-aced and followed up. In October 2005, when the epidemic was declared officially over. a total 368 cases \Yerc reported. of which 323 died (CFR 89%), including 16 health care workers. Fig 3 shows 
Lassa fever
Lassa fever is prevalent mainly in western Africa, where it is estimated that 300,000 to 500,000 cases of Lassa fever, resulting in about 5,000 deaths occur annually. Among hospitalized patients, the overall CFR varies between 1% to 5%. The most serious complication is associated with pregnancy, resulting in severe disease, death or fetal loss in more than 80% of cases in the third trimester [14] .
In The diagnosis is often clinical after treatment failure for malaria or following a course of antibiotics. In the countries affected by the epidemic, laboratory confirmation of Lassa fever is often not readily available (taking more than a month) and this may be responsible for fewer numbers of reported cases than estimated.
Crimean-Congo hemorrhagic fever (CCHF) Though 
Avian Influenza
In the African Region, avian flu outbreaks have emerged in domestic birds in Benin, Burkina· Faso, Cameroon. Cote d' lvoire, Ghana, Niger. Nigeria. and Togo. Influenza viruses have been found in wild waterfowl in Chad, Mali, Mauritania, Niger and SenegaL To date, only one human H5N I case was confirmed in the African Region, from Nigeria. However, the confirmation of H5N I avian influenza in poultry is a reason for great concern that demands action [ 19, 20] .
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Risk and contributing factors to recurrent disease outbreaks
The main factors responsible for the above epidemics include high population density and environmental factors that promote breeding of disease transmitting vectors. These factors are commonly associated with the long-standing civil unrest in many countries of the region that lead to poverty and overcrowding in addition to poor public health systems.
The main risk factors for continued occurrence of diarrheal diseases (cholera and dysentery) include lack of access to adequate safe water and sanitation. According to a United Nations Development Programme (UNDP) report, in Sub-Saharan Africa only an estimated 55% have access to clean water and only 18% have access to improved sanitation [21] .
Malaria epidemics may be precipitated by natural variables (climatic variations, natural disasters) and man made situations (conflict and war, agricultural projects, dams, mining, logging) that modify the physical environment and increase the capacity of mosquitoes to transmit malaria in non-immune populations. Effective prevention of these epidemics is challenging, particularly in the highlands where prediction of epidemics is limited due to lack of technical expertise. and insufficient indicators that are critical for decisions on measures such as indoor residual spraying of insecticides. An additional challenge is the growing resistance of plasmodium, the malaria-causing agent, to antimalarial drugs [22] .
For measles, the contributing risk factors for outbreaks include: gaps in routine immunization coverage, delay in supplemental measles immunization qctivities (SIAs) and increased cross-border movements of. populations. It is recognized that increasing and sustaining immunization coverage, including conducting regular, periodic and high-quality follow-up supplementary immunization campaigns, is critical for successful control of measles [23] .
Among the main challenges for control of Ebola hemorrhagic fever are the continued contact of rural populations with wild animals and the ritual practice of contact with deceased family members as part of mourning and burial traditions, thereby in~reasing the risk of transmission. The lack of protective gear increases the risk of transmission not only to close family members, but also to health-care workers [24] .
The last decade had seen increased outbreaks of yellow fever due to accelerated urbanization with high population density, rise of rapid global transpo1i and communication links and the prohibitive cost of vaccines to implement mass preventive campaigns [25] .
The practices that may increase the potential for human infection with H5N I influenza in the region include the tradition of keeping domestic birds in backyards and the widespread practice of home poultry slaughtering. de-feathering, butchering and preparing for cooking. The economic impact of an outbreak will be enormous due to losses from culling of domestic birds; and more imp01iantly, the revenue that will be lost due to travel and trade restrictions.
The IDSR Strategy Implementation Process
The adoption of the IDSR strategy by WHO/AFR member states played a critical role for strengthening communicable disease control including epidemic disease outbreaks. To date,all 46 member states have adopted the IDSR strategy and have also embraced the inter-country protocols for cooperation in epidemic prevention and control among neighboring countries with similar epidemic profiles [26] . The IDSR implementation process has typically begun with an assessment of the national surveillance system using a protocol developed by WHO and CDC. A team of national and international experts examine the current surveillance, laboratory confirmation and epidemic preparedness and response capacities at all levels of a country's health system. The assessment results are used to guide the ministry of health in developing a plan of action for creating a fully functional IDSR system, including control of epidemic diseases.
The outcome of the assessment and introduction of IDSR in countries is often followed by organizing a National IDSR Coordination Committee and a National Working Group, as well as an Epidemic Management Committee, Rapid Response Team and National Laboratory Network. One of the initial activities consists of an adaptation of the WHO generic surveillance and response tools to reflect national policies. The tools include case definitions for various diseases, standard operating procedures (SOP) for laboratories and data collection and analysis standards. Once the tools are adapted, training is conducted to ensure the development of the workforce for surveillance activities. In addition, various functional structures are set up for operational purposes, including establishment of rapid response team for epidemics.
t Preparedness an<J,_Response to Epidemics
The WHO/ AFRO and its technical partners provide support to countries for the development of various tools for early diseases detection and reporting to effect timely response. One example is the WHO recommendation for alert threshold and epidemic threshold for CSM, revised in September 2000. The alert threshold is used to: a) sound an early warning and launch an investigation, b) • check outbreak preparedness, c) sfart a vaccination campaign if there is an outbreak in a neighboring area and d ) prioritize areas for vaccination campaigns in the course of an epidemic. The epidemic threshold is used to confirm the emergence of an epidemic to step up control measures, i.e. mass vaccination and appropriate case management [27] . Once epidemic menmg1t1s is confirmed. weekly incidence is used to determine vaccination priorities. including immunizing in areas that have crossed the alert threshold. Among the critical elements for decision of vaccination strategy is: assessment of risk factors, including awareness of meningitis incidence in neighboring countries, recent epidemics or vaccination, population density, patterns of migration and season. This will improve response time. The approach of using alert and epidemic thresholds has been applied to other diseases such as dysentery, measles. malaria and other epidemic diseases [28] .
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WHO supports affected countries through the enhanced meningitis surveillance and control interventions in case management, mass vaccination campaigns and laboratory confirmation of diagnosis: Bivalent and trivalent vaccines and oily chloramphenicol are provided to the countries as needed. In 2004, the SOPs for enhanced meningitis surveillance in Africa were revised to guide health personnel at various levels of the health system for early detection and prompt response to meningitis epidemic. Thirteen countries are implementing enhanced meningitis surveillance In Africa.
As part of the accelerated measles control strategy, case-based surveillance was introduced to monitor measles immunization campaigns in many countries as part of IDSR, using the AFP surveillance infrastructure. This has brought the disease burden due to measles to a significantly low level. In 2006, the African regional strategic pfan for immunization for 2006-2009 adopted the goal of 90% reduction of measles deaths by 2009 from estimates for 2000. By the end of 2006, mortality estimate figures indicated that 91% reduction in measles deaths was achieved as a direct result of the interventions, surpassing the goal [29] . However, low routine measles immunization coverage continues to pose threats of outbreaks presenting obstacles for elimination efforts in the region.
The trend in cholera epidemics showed a decline in the CFR, which may be due to an improvement in case management and early detection with rapid response to cholera outbreaks throughout Africa. However, more effort is required to lower cholera CFR to less than 1%, which is indicative.of effective preparedness and control [30] .
Laboratory support for EPR Access to reliable diagnostic testing facilities is among the major challenges in Africa that contribute to the delay or lack of appropriate and timely response to epidemic outbreaks [31] . As part of the implementation of IDSR, sub-regional and regional reference laboratory networks were established, annual meetings for directors of National Public Health Reference Laboratories (NPHRL) conducted, national laboratory diagnostic capacity assessed and plans of action developed, training of laboratory scientists on standard laboratory methods and procedures conducted with support of WHO in collaboration with pa1iners, including CDC. The training for laboratory technicians includes techniques and standards on specimen collection, storage and transportation of samples, bio-security and basic laboratory skills for etiological confirmation of priority epidemic prone diseases, etc.
The laboratories are provided with essential reagents and antigens to enable rapid investigation/ confirmation of outbreaks and supplied with computers, fax machines and e-mai I connection to enhance the speed of transmission of information. In 2006 and 2007, all major outbreaks were confirmed by laboratory either at the national level or through the network of laboratories in the region or internationally [32].
Coordination and partnership
Each major outbreak in the period reviewed required the coordination of WHO and its partners to support countries with contact tracing, epidemiological surveillance, and social mobilization with deployment of international experts and logistical support including for case management and safe disposal of infectious agents (barrier nursing, drugs, body bags; disinfectants, etc.).
A bloc approach was adopted with signing of inter country protocols for cooperation in epidemic prevention and control among neighboring countries with similar epidemic profiles. Sub-regional contingency stocks of drugs,. materials and essential supplies were set up to support countries on a reimbursable basis. In addition, more efforts were made to reinforce national and sub national (provincial and district) epidemic management committees and rapid response teams (RRT) thorough training and sensitization meetings.
Effective control of epidemic diseases is often hampered by civil unrest in many countries in the region requiring the development of various initiatives and protocols to conduct EPR activities in these countries. An example is the peace initiative "Mano River Union Lassa Fever Network," which was established in 2004 through the agre~ment of the Ministries of Health of Guinea, Liberia and Sierra Leone, WHO, the Office of United States Foreign Disaster Assistance, the United Nations and other partners. The network supports national prevention strategies by enhancing laboratory diagnostics for Lassa fever and providing training in laboratory diagnosis, clinical management and environmental control [33] .
It is recognized that for most areas, response measures for malaria should focus on early recognition of risk factors for increased transmission and vector control measures implemented at the early stages of an 
Communication and Feedback
Computers and internet connections at the national survei !lance units, the national reference laboratories and some regional and district surveillance units have facilitated the flow of surveillance data across the different levels. This has helped countries by allowing them to be part of the global network of the New Technology of Information and Communication, which facilitates the sharing and receiving of surveillance information worldwide [34] .
An important forum for sharing feedback and experience is the publication of a quarterly epidemiological bulletin from the WHO/ AFRO sub regional and regional levels. The bulletins cover EPR, IDSR and other epidemiological information from vertical programs. The bulletin is free of charge and is available online. However, there is a need to ensure wide availability of the epidemiological bulletin, particularly to the staff at the periphery. At the country level, Burkina Faso, Ghana and Mali and Uganda produce and disseminate a weekly IDSR newsletter on epidemic prone diseases [26] .
Stockpiling of vaccines, drugs & other health commodities
Most countries have adopted the stockpiling approach and have established a national budget for contin.gency stocks for EPR. However, limited resources, lack of storage facilities and insufficient logistics constitute major challenges for effective operations during epidemics and in preparation for control interventions.
Following the 1996 massive outbreak of meningitis reported in Nigeria, Burkina Faso, Chad, Mali and Niger, WHO launched the International Coordinating Group (ICG) to coordinate the best use of the limited amount of vaccine and enhance the ability of countries to respond to epidemic meningitis. The ICG is mandated to coordinate the management of an international emergency meningococcal meningitis vaccine stock, injection materials and antibiotics. The challenges at the country level involve the delay in accessing these supplies owing to the criteria set by the JCG to obtain the consignment ' [35] .
Evaluating the yellow fever vaccine stock pile indicates that a major limitation involves the stockpiling mobilization of operational resources at the country level. The problem is further complicated by the lack of vaccine security due to limited market size and limited number of manufacturers [25] . ., "' ., " ., ., "' "' ., "' 
Discussion
Following the introduction of IDSR, countries hav.e demonstrated commendable achievements in many aspects of EPR activities, especially in surveillance and weekly reporting of epidemic-prone diseases, laboratory confirmation of etiologic agents, communication of epidemic outbreaks and collaboration with national, regional and international institutions for strengthening preparedness and response to disease outbreaks. The commitments of governments to implement IDSR, the support of partners and the establishment of various EPR organizational structures and international initiatives have been critical for the strengthening of the capacity of countries in EPR. Most of the reported epidemics have been laboratory confirmed. However, epidemic diseases continue to occur and timeliness of the implementation of control interventions require more emphasis to consolidate the ongoing efforts for successful implementation of EPR plans. The revised International Health Regulations (IHR 2005) provide a global framework to address these needs through a collective approach to the prevention, detection and timely response to any public health emergency of international concern.
Conclusions
The main challenge that remains is the poor coordination of epidemic detection and response resulting in morbidity and moiiality that could have been prevented. Other factors include weak public health systems, lack of trained personnel and lack of adequate laboratory services. The lack of complete reporting and the spatial and temporal variability of the various epidemics also present a challenge for estimation of the true burden of the epidemics in the region. It is therefore essential to enhance advocacy, collaboration and resource mobilization for improving the database of outbreak reports specific to time, place and risk factors in order to implement appropriate and timely response to epidemics in the African region. 
